The antiprotozoal activity in vivo against Trypanosoma cruzi of (8-hydroxymethylen)-trieicosanyl acetate was evaluated in BALB/c mice during the acute phase of Chagas' disease (15 days after infection). Animals were treated during 15 days at doses of 16.8 and 33.6 µg/g, reduced parasitemia of 77.6 and 64.1% was observed respectively, in comparison with positive control mice (allopurinol 8.5 µg/g) which reduced only 29.7%. Also, amastigote nests in cardiac tissue were significant reduced in treated mice groups. The regression of effect induced after the suppression of the treatment with the compound was evaluated; animals were infected and simultaneously began the treatment with the compound during 20 days (16.8 and 33.6 µg/g). Mice were monitored after the end of the treatment for one more week. A good antitrypanosomal response was observed (66.1 and 68.9% less than untreated mice) during treatment, but 8 days after suspension of treatment, parasitemia level increased, reducing only 58.6 and 56.29 % respectively in treated animals compared with no treated.
Introduction
American trypanosomiasis (Chagas´disease) is a zoonosis caused by the hemoflagelated protozoa Trypanosoma cruzi (T. cruzi). Specific treatment had been used since around three decades ago, based in the administration of nitrofurans, mainly benznidazole or Nifurtimox, but the results obtained had been very unsatisfactory (Guedes et al., 2006) . For that reason, there are scientific interests in the searching of biomolecules with antiprotozoal activity besides botanical sources. Senna villosa (Mill.) (S. villosa) it is a Leguminoceae, widely distributed in the south of Mexico. It had been previously reported their in vitro antiprotozoal properties (Guzman et al., 2004) , and from the leaves was isolated the compound (8-hydroxymethylen)-trieicosanyl acetate, with antiprotozoal activity in vitro against T. cruzi (3.3 and 6.6 μg/mL) (Guzman et al., 2008) and in vivo, in infected mice (8.4 and 33.6 μg/g) beginning the treatment with the compound immediately after the inoculation (Jimenez-Coello et al., 2010), however, this condition was hypothetical, because in a real scenario, a patient would begin a treatment some days after of the infection. The aim of this study was to determine antiprotozoal activity in vivo against of T. cruzi (amastigotes and trypomastigotes) during the established acute phase of the Chagas´ disease and the infection development after the suppression of treatment with the evaluated compound.
Parasites and Animals
Trypomastigotes of T. cruzi strain H4 were used. Eight weeks old BALB/c mice were maintained on a 12:12 h light-dark cycle and had access to food and water ad libitum. Each mouse was IP-inoculated with 5x10 4 trypomastigotes of T.
cruzi.
Plant Material, Extraction and isolation of (8-hydroxymethylen)-trieicosanyl acetate.
Senna villosa (voucher number 10284 authenticated by Salvador Flores-Guido) was collected from Komchen Yucatan, Mexico. Extraction procedure and isolation of the evaluated compound were done as described by Guzman et al., 2008 .
In vivo antiprotozoal activity against T. cruzi during acute phase of the disease.
Mice were infected and examined every 4 days for 28 days after infection to estimate the parasitemia. Fifteen days after infection, four groups of mice (n=10 mice each) were implemented: negative control, positive control and two different doses of (8-hydroxymethylen)-trieicosanyl acetate (16.8 and 33.6 µg/g). The compound was resuspended in 50 µL of phosphate buffered saline (PBS) per mouse, and administered orally every 24 h for 13 days. Positive control group was treated with allopurinol (8.5 µg/g) and negative control only with PBS. To determine the compound activity against amastigote form, cardiac tissue samples from all mice were collected, processed and evaluated at the end of the bioassay as previously described by Jimenez-Coello et al., (2010) . In a second bioassay, the regression of the effect from the treatment with the compound was evaluated, in mice groups infected (day 1) and treated (16.8 and 33.6 µg/g) from day 1 to 20 post infection, with treatment suppression at day 20 and monitoring of parasitaemia curve until day 28 post infection. Parasitemia curve, amount of amastigote nests and mortality were also recorded. All experimental bioassays were performed in triplicate and the results were compared with those of controls infected without treatment and those treated with allopurinol. Statistical analysis. Data are expressed as means ± S.E.M. and statistical analyses were performed using the Student's t-test (p<0.05), and ANOVA followed by Tukey's multiple comparison test was used to compare more than two groups.
Results
Mice treated with (8-hydroxymethylen)-trieicosanyl acetate at the concentration of 33.6 µg/g, 15 days after parasite inoculation showed the strongest antiprotozoal activity (p<0.05). However, both doses (16.8 and 33.6 µg/g) were able to diminish bloodstream parasites in 64.1 and 77.6 % respectively compared with no treated mice (negative control). On the other hand, in this same bioassay, mice treated with allopurinol at a concentration of 8.5 µg/g reduced only 29% the parasitemia (Fig 1) . When evaluated the intracellular form of the parasite in heart tissue of all groups, the number of amastigote nests were significant reduced (p<0.05) in mice treated with the compound at dose 16.8 µg/g, reducing 6.6 times the amount of amastigote nests than untreated mice and 3.25 times when were compared with mice from positive control group. Also there were observed that the dose of 33.6 µg/g decreases the number of amastigote nests in comparison with the control groups but not statistically significant (Fig 2) . The mortality recorded until the end of the bioassay in mice treated with the evaluated compound was minor than untreated mice and similar to showed by positive control group (Fig 3) . The aim of the second bioassay was to observe the parasitemia replication when the treatment was suppressed. Animals infected and treated with doses of 16.8 and 33.6 µg/g, showed a reduction in parasitemia 66.1 and 68.9% (respectively) less than untreated mice (Fig 4) . When treatment was suspended, parasitemia increased in all groups. However the number of parasites observed in blood in both treated groups with the compound was 60% lower than in the untreated mice and lower than the parasitemia observed in mice treated with allopurinol. In contrast, the number of amastigote nests in mice when the treatment was suspended, in both groups treated with the evaluated compound, a 2.7 times reduction was observed when compared with untreated mice but similar to animals treated with allopurinol (Fig 5) . Though mortality was lower in both groups treated with (8-hydroxymethylen)-trieicosanyl acetate than in the untreated mice, mortality was similar to the observed in the positive control group (Fig 6) .
Discussion
The lack of alternatives for treatment of Chagas' disease is a major problem in Latin America where the disease is still present. Primarily diagnosed patients are generally treated with benznidazole and nifurtimox (now discontinued). However, in many countries like Mexico, both drugs are not available. Allopurinol has been reported as an agent with activity against blood trypomastigotes and amastigotes of Trypanosoma cruzi (Berens et al., 1982) but there are conflicting views about its effectiveness, as well as other pharmaceutical options used to treat the disease. Carignani et al., (2000) describes that under experimental conditions, allopurinol is not able to eliminate the presence of Trypanosoma cruzi in from infected triatomines. In contrast, Coura (2009) found that the use of allopurinol in infected patients may be an alternative choice (like the beznidazol) when is administered (8 mg/Kg/day) for at least for 60 days and preferably in combination with another drug with antiprotozoal activity towards Trypanosoma cruzi (as benznidazole and ketoconazole). Also Apt (1998) described that only 44% of patients treated with this same dose elimination of the parasite was observed. These results differ from the observed in this study because no complete elimination of parasitemia in infected animals treated with allopurinol was observed. In contrast, during the first 5 days after beginning of treatment (day 20 bioassay) the parasitemia was higher even than in the negative control animals, and antiprotozoal activity was observed until day 24 and 28 post infection. However, it should be noted that the duration of this trial was only 28 days and we can not compare the activity at 60 days as described by the authors mentioned. Similarly, Gobbi et al., (2007) mentioned that treatment with allopurinol 15 mg / kg in infected mice showed obvious reduction of parasitemia and absence of electrocardiographic changes. Probably because a lower dose of this drug was used in this study, there was not an entirely appropriate response towards it. On the other hand, there are few in vivo studies evaluating the antiprotozoal activity of molecules obtained from natural products. The activity of (8-hydroxymethylen)-trieicosanyl acetate observed is similar to other studies where a reduction of the parasitemia has been observed when treatments with plant crude extracts were used, like Aderbauer et al., (2008) who studied the root extract of Securidaca longepedunculata and the leaf extract of Guiera senegalensis demonstrating than were able to reduce parasitaemia in mice, experimentally infected with Trypanosoma brucei brucei at the dose of 150 mg/kg b.w. intraperitoneally, two times daily for 3 days but only by 48 and 42% respectively for each extract. Also, Caceres et al., (1998) reported than crude extracts from Neurolaena lobata, Solanum americanum Acalypha guatemalensis, Petiveria alliacea and Tridax procumbens have an in vitro and in vivo activity against T. cruzi, but the administration to mice orally of S. americanum showed intraperitoneal subacute toxicity. In the present study the advantage of the evaluated compound is that no toxicity is observed for in vitro and in vivo studies (Guzman et al., 2004; JimenezCoello et al., 2010) .
Results about antiprotozoal activity of (8-hydroxymethylen)-trieicosanyl acetate under in in vivo conditions is also similar with the reported by Sülsen et al., (2008) ; they identify and isolated a pair of compounds from the medicinal plant Ambrosia tenuifolia Sprengel (Asteraceae), but in these experiment infection in mice included 5 x 10 3 trypomastigotes, in contrast with this bioassay the inoculation to infect mice included 50 x 10 6 parasites with a highly pathogenic strain of (Bastos et al., 1999) , even the amount of parasites for inoculation used in the present study was 10 times higher than in that study, with the mentioned virulent strain of T. cruzi (H4 strain). In the present study, when the compound was administrated 15 days after infection, an inhibition of the replication of the parasite was observed even when the infection was already well established. Results showed a reduction in parasitemia and a significant reduction in the number of amastigote nests in heart tissue (p<0.05), these results are difficult to compare with other studies because not many reports from crude extracts or medicinal isolated compounds includes the evaluation of developmental forms of the parasite. However, it is important to mention that the evaluated compound appears to have an effect over the replicative intracellular stage of T. cruzi.
On the other hand, results observed in mice infected and treated simultaneously (in the second bioassay), during the first 20 days of treatment, the parasitemia in treated mice with the compound was similar to those previously reported (Jimenez-Coello et al., 2010) however, it was observed that parasitemia level is increased when the administration of the compound was suppressed, demonstrating that in the treated animals with the compound a reduction in the number of amastigote nests in comparison with control groups may occurs.
It is necessary to evaluate the effectiveness of (8-hydroxymethylen)-trieicosanyl acetate during longer periods of time, during the chronic phase of the disease and maybe in combination with other antitrypanosomal drugs.
